Abstract: Beyond doubt, desalination is growing rapidly worldwide. However, there are still obstacles to its wider implementation and acceptance such as: (a) high costs and energy use for fresh water production; (b) environmental impacts from concentrate disposal; (c) a complex, convoluted and time-consuming project permitting process; and (d) limited public understanding of the role, importance, benefits and environmental challenges of desalination. In this paper, a short review of desalination in Greece is being made. Data on the cost of desalination shows a decrease in the future and the potential of water desalination in Greece. The paper summarizes the current status in southeastern Greece (e.g., Aegean islands and Crete), and investigates the possibility of production of desalinated water from brackish water.
Introduction
Ever since desalination was originally invented in antiquity, different technologies have been developed. Back in the 4th century BC, Aristotle, the Hellenic philosopher, described a desalination technique by which non-potable water evaporated and finally condensed into potable liquid. Likewise, Alexander of Aphrodisias in the 200 AD described a technique used by sailors, as follows: seawater was boiled to produce steam, and that steam was then absorbed by sponges, thereby resulting in potable water [1] . Since then, the technology of seawater desalination for the production of potable water evolved rapidly and has become quite popular [2] .
The most reliable desalination processes that can currently be exploited at the commercial scale can be divided in two main categories:
(a) thermal (or distillation) processes like multi-stage flash distillation (MSF), multi-effect distillation (MED), thermal vapor compression (TVC), and mechanical vapor compression (MVC) processes; and (b) membrane processes: reverse osmosis (RO) and electrodialysis (ED) processes. ED is mostly used for brackish water installations, while RO can be used for both, brackish and seawater [3] .
Over the last few years, a large number of desalination plants began to operate globally. Moreover, the production cost of desalinated water has been considerably decreased and is expected to decrease even further [4, 5] . This is mostly due to the recent improvements in membrane technology, but also due to the increase of the energy conversion coefficiency for desalination processes [6] .
In this paper, a short review of water desalination is provided before cost data are examined and processed. This paper focuses on water desalination processes and projects in Greece.
Desalination is Growing around the World
Desalination is growing so fast globally that it is more than certain that it will play a significant role in water supply in the years to come. Desalination is growing particularly in parts of the world where water availability is low. Annual desalination capacity seems to increase rapidly as years go by.
A sharp increase in the number of desalination projects to supply water is indicated. This rose from 326 m /d from some 16,000 plants worldwide [9] . The Gulf Region (Middle East) has the biggest number of desalination plants in the world, followed by the Mediterranean, the Americas, and Asia [10] . The percentages of desalination plants for each geographical area are shown in Figure 1 .
The global capacity of desalination plants, including renewable desalination, is expected to grow at an annual rate of more than 9% between 2010 and 2016. The market is set to grow in both developed and emerging countries such as the United States, China, Saudi Arabia (SA) and the United Arab Emirates (UAE), as shown in Figure 2 . A very significant potential also exists in rural and remote areas, as well as in islands (Figure 2 , rest of world (ROW)), where grid electricity or fossil fuels to generate energy may not be available at affordable costs. About 54% of the global growth is expected to occur in the Middle East and North Africa (MENA) region [11] , where the 21 million m The majority of the largest desalination plants (in operation or under construction) use seawater and are located in the Middle East. The biggest desalination plant is the Ras Al-Khair in the city of Ras Al-Khair (also called Ras Al-Zour or Ras Azzour) SA, which uses both membrane and thermal technology with a capacity over 1,000,000 m As far as the membrane technologies are concerned, especially the RO desalination technology (one of the most renowned), there are big plants around the world with great potential in energy saving and reasonable production cost ( 
Production Cost of Desalinated Water
The overall cost of desalination can be divided into investment cost and maintenance-operation cost. Investment cost involves land, edifices and equipment, as well as transportation cost, insurance, construction, legal fees and unforeseen costs. Maintenance and operation cost is divided in energy cost, maintenance, repairs, personnel/staff, spare parts, and reconstruction when required. Energy cost is the higher contributor to operation cost and thus to the overall cost. In many cases, energy cost can reach almost the 60% of the operation and maintenance cost. A comparison of the total cost of the RO and MSF technologies is given in Table 3 [17] . Cost evaluation for desalination is a difficult process as data are influenced by different factors such as energy cost, materials and labor. Those factors differ significantly from place to place.
Moreover, cost is influenced by elements like desalination technology, total dissolved solids (TDS) concentration of the raw water used to feed the plant, and other economic parameters that related to local conditions [18] . In conclusion, desalination cost is significantly decreasing when brackish water is used instead of seawater and when the capacity of the plant is increased (Table 4) . Membrane desalination technologies such as RO are known for their lower energy demands compared to thermal technologies which can be further reduced using energy recovery systems. Such limited energy demands have direct effect on the cost of the produced desalinated water, which in most cases is lower than the cost of water produced by thermal technologies. The RO cost per feeding water and capacity is shown in Table 5 , compared to the cost related to the most common thermal desalination technologies. Table 5 . RO desalination production cost compared to thermal desalination technologies cost, per feeding water and production capacity. MED: multi-effect distillation; and VC: vapor compression. Adapted from [19] . Hybrid desalination systems, which are used to combine desalination technologies, are suitable for big installations in order to accomplish scale economies that reduce the production cost. In such plants, membrane technologies can be combined with thermal technologies and vice versa. To give an example, in a plant where the brine flow of RO is the feed flow of membrane distillation, the cost is 0.94 €/m , whereas when it is combined with RO, its cost is reduced by 15% [18] . It should be noted that the water production cost of a desalination plant that uses renewable energy is estimated to be higher than one that uses conventional energy [20] . An example of the cost per feeding water and energy source used is shown in Table 6 . Table 6 . Cost of desalinated water production per feeding water and energy source used. Adapted from [19] . A decreasing attitude is observed to the cost of desalination for production of potable water, compared with other technologies. Improvement on membrane technology will be a catalyst in cost reduction [21] . In Greece and other Mediterranean areas there have been several comparisons between desalinated water production and conventionally extracted water (e.g., dams and groundwater wells). However, in such comparisons, the rapid improvement of the RO membrane technology should be considered. In the near future it is expected that desalinated water cost (especially coming from brackish water) will be less than any other conventional technologies. It is estimated that desalination cost will be lowered 4% to 5% per year due to the continuous improvement of membrane technology.
Some examples of desalinated water production cost in different regions worldwide are presented: . Such a decrease is not only attributed to the rapid evolution of desalination technology during recent years but also to the cost reduction due to the increased size of those plants. It is difficult to quantify the effect that these parameters have, since they seem to act simultaneously [24] . 
Desalination Environmental Impacts
The desalination process has relatively low environmental impact. However, it is reported that the discharge of brine into the sea may erode the seashore [25] or harm the aquatic life [26] . Moreover, to avoid unregulated development of coastal areas, desalination activity should be included in the regional development projects [27] .
The main environmental impact concerns are land use, brine disposal, and energy consumption. Land use issues emerge from the fact that seawater desalination plants are situated close to sites with particularly sensitive environmental habitats and many social, economic, ecological, and recreational functions. The search for an appropriate plant location has to be carried out with great caution in order to minimize adverse impacts [28] . Furthermore, desalination processes produce a particularly high salinity flow (brine) and its disposal directly to the sea may also harm the environment. Potential environmental impacts should be minimized by refraining from discharging brine directly into the sea. Finally, as far as energy consumption is concerned, despite the great achievements in this field, desalination processes like RO are still quite energy-intensive. Since most of the energy is taken from fossil sources, the CO 2 emissions are an issue that cannot be ignored. However, the use of modern processes and alternative energy sources can reduce the emissions of CO 2 and other air pollutants [29] .
Water Scarcity in Greece
In Greece, and particularly in several southeastern regions, there is a very low water availability, which is exacerbated by the high water demand for tourism and irrigation in summertime. Therefore, the integration of desalinated water, treated wastewater and other marginal waters into water resources and the management of master plants are of paramount importance to meet future water demands [30] .
The problem seems to be more evident in the Aegean Islands (particularly the Dodecanese and Cyclades), Thessaly in Central Greece, eastern Continental Greece (Sterea Greece), eastern Crete and the southeastern Peloponnese (Figure 4 ). More specifically, in central Greece (Thessaly and Sterea Greece), there is a high water demand for agricultural irrigation [31] , while on the islands the problem is mainly attributed to the increased demand in potable water during the summertime [32] . Both the population density of the Region of Crete (Prefectures of Chania, Rethymno, Iraklio and Lasithi) and the Regions of North and South Aegean (Prefectures of Lesvos, Chios, Samos, Dodecanese and Cyclades) are below the population density of Greece. Both regions receive large numbers of visitors during the summer [33] . Nonetheless, that high water demand is also attributed to over-exploitation of groundwater aquifers, as well as to groundwater contamination, including seawater intrusion in coastal areas. In addition, the small size of the islands and their geography does not allow other possible cost-effective technologies to increase water availability [31] .
The aforementioned regions are located in the southeastern part of Europe. Their climate is typically Mediterranean: hot and dry. Their relatively long distance from the mainland adds to their economic woes compared to similar parts of Europe [34] . Due to their geographical isolation, these areas are equipped with autonomous, yet limited conventional power grids. However, there is an abundance in renewable energy sources such as aeolic and solar power, as well as geothermal and wave power ( Figure 5 ) [35] .
Currently, the main way for meeting deficient water balance of the "semi-arid" islands is water transportation whose cost varies from 4.91 €/m /d [37] . As for the feed water, 56% is seawater, while 41% is brackish water (Figure 6a ). Regarding the use of the produced desalinated water, 48.08% is to supply the municipalities, 31.07% goes to the industry, 15.94% covers touristic demands, and 4.24% and 0.16% are directed to power production and water supply of military camps, respectively (Figure 6b) .
RO is the most popular desalinating technology in Greece, as it produces 74.41% of the desalinated water. ED is used for the desalination of 10.20% of the total desalinated water produced, whereas MED is used for 8.47% of the produced water and MSF is used for the 6.75% (Figure 6c ) [37] . [38] . However, as a consequence of the critical importance of desalinated water, it is expected that the Hellenic Government will subsidize the electric energy consumed for this purpose. In southeastern Greece, water supply in the future is expected to be mainly based on desalination. Modern desalination processes of utilizing solar [40, 41] , wind [42] , or wave [43] /d is on the island of Milos. It is a RO plant which used the electrical energy needed from an 850 kW wind turbine operating at 600 kW [44] . (e) Finally, on Irakleia island, there is a removable RO desalination plant, which uses both wind and solar energy through a 30 kW wind turbine and a backup photovoltaic panel system. /year brackish water potential, while a considerable amount of brackish water also exists on the Aegean islands.
The Potential of Using Brackish Waters for Desalination in Greece
Only discharges of the well-known source of brackish springs (known as Almyroi) on Crete (Iraklion) reach more than 1000 million m 3 /year: one almyros in the west of Iraklion city has an average discharge of 235 million m 3 /year, quantities that correspond to 50% of the total annual water used in Crete [45] . Today, the brackish water is not exploited. Water from the Almyros of Iraklion could be used even as potable for 45-50 d/year when the TDS < 200 mg/L, which means about 5 million m 3 /year of fresh water could be saved [46] . One could draw similar examples from other islands.
The desalination of brackish water is of considerably lower cost, compared to the desalination of seawater. This cost reduction may be over 50%, mostly because the cost for the removal of dissolved salt is lower at power salt concentrations [47] .
Discussion and Conclusions
The global population boom, urbanization and climate change have severely reduced water supplies. Furthermore, tapping fresh water for metropolitan areas has become more difficult, if not impossible. Without any doubt, the future relies on the implementation of "NEWater" technologies such as desalination and direct potable reuse of treated wastewater [27] . Desalination, especially in coastal areas, is the most cost-effective approach to long-term water supply sustainability, compared with other options.
Desalination of sea and brackish water for both water supply and irrigation in arid and semi-arid coastal regions of the world seems to be a very promising technology. In fact, desalination is already a competitive alternative in regards to other options; as the water produced is low-priced in most cases, energy requirements have been significantly reduced and last but not least, it is friendly to the environment, especially when the process powered by renewable energy sources. Also it should be noted that the combination between desalination and renewable energy sources in autonomous independently operating desalination systems, is a unique solution for water in coastal, relatively isolated areas with weak and limited possibilities of local energy supply networks.
As far as Greece is concerned, desalination could be a sustainable option to face water scarcity in the "waterless" islands, especially during the summer months, when there is an increase in water demand. Given adequate public support, desalination plants could become highly competitive in regards to alternatives such as water transfer from the mainland. Transfer cost varies from 4.91 €/m 3 to 8.32 €/m 3 and is currently the main way of meeting deficient water balance of the semi-arid islands [36] . Finally, desalination plants could be used as storage of redundant renewable energy in RES installations.
Today, RO desalination technologies have turned out to be the most appropriate in Greece, especially for water supply of the semi-arid islands in the southeastern regions of the country. These technologies have the lowest energy requirements, which can be covered by air turbines or solar panels, e.g., renewable energy sources are abundant in those areas (such as wind and sun), and thus burden only to a minimum the rather sensitive local networks and the environment. Also, RO technologies have limited spatial requirements and are adaptable to changes in productivity. Their manufacture process is simple, a feature absolutely necessary for installations in limited areas, where water demands change continuously. Finally, the cost of water, also an important criterion, is kept low, although it remains somewhat higher than in other desalination processes. However, it remains lower than the cost of transporting water, while in the case of the hybrid RO system, costs are kept at the lowest possible level.
Conclusively, the main points that emerge from this study are the following:
(a) The RO desalination costs over the last 15 years have been significantly reduced. The use of alternative energy sources will further reduce the cost. (b) Research and technology on the desalination membrane processes will continue to develop in the years to come to the direction of becoming friendly to the environment and cost effective. (c) Water demand will continue to increase and desalination and water reuse will be sustainable options in increasing the low water availability. (d) Greece has all the potential to move forward in terms of research and technology on water management internationally and especially in the Mediterranean region, provided there is investment in relative sectors. Emphasis should be put on the green aspect of the desalination technology. (e) The use of desalination technologies to solve the problem of water shortage in the "waterless"
Hellenic islands may lead, under certain circumstances, to the best economic, environmental, and social results, for both the island environment and the local communities, contributing substantially to a comprehensive and worth-living growth.
